reactions to monetary policy announcement days which contain no change to the policy rate, the e¤ects of surprises di¤er. In Australia, no-change policy days are not statistically di¤erent to days without monetary policy news. In Canada, no-change policy days have similar e¤ects to days where policy changes are announced and in the US the reaction to no-change surprises is present, but di¤ers to the e¤ects on days policy changes are announced. The approach is similar in spirit to the method proposed by Thornton (2014), but allows for two di¤erent types of policy shocks and while we provide analysis of the di¤erences in our results over a limited subsample a full comparison of these approaches is a subject for future research.
The remainder of this paper is organized as follows. Section 2 sketches the empirical model and shows how monetary policy shocks can be extracted using the entire maturity structure of the yield curve. Section 3 discusses the data and Section 4 gives the estimation results. Section 5 discusses the extracted monetary policy shocks and the …nal Section 6 o¤ers some concluding remarks.
Empirical framework
We implement a latent factor model framework which endogenously distinguishes two types of monetary policy actions. This framework has the advantage of being easy to implement, requiring only daily returns data and a chronology of monetary policy actions, and the clear bene…t of extracting a measure of the monetary policy shocks from data that does not require an ex ante capturing of market expectations.
The model and identi…cation
Consider a latent factor representation of demeaned change in the interest rate for a zero-coupon bond at maturity j at time t as follows: r j;t = j m t + j n t + j a t + j I b t + j I c t + j d j;t :
The last four terms of the expression consist of a common shock, a t ; and b t and c t represents curvature e¤ects -b t captures changes at the short end of the curvature, with I = 1 for j < j and 0 otherwise and c t captures changes at the long end I = 1 for j > j and 0 otherwise -and d j;t represents idiosyncratic shocks to r j;t ; see Cox, Ingersoll and Ross (1985) . The …rst two terms in the expression, m t and n t ; represent the two potential monetary policy shocks that apply only on days where a monetary policy action is due and are hence zero on all other days. We allow for two types of shock to accommodate both the theoretical model of Ellingsen and Söderström (2001) and the empirical evidence in Claus and Dungey (2012) and Winkelmann et al. (2015) . Thus, m t represents a monetary policy shock that causes a shift in the yield curve while n t potentially causes a rotation in the yield curve. All Greek letters represent factor loadings and by assumption all factors are independent and identically distributed with zero means and unit variances; see Claus and Dungey (2012) . Identi…cation relies on heteroskedasticity observed via the di¤ering outcomes on policy and non-policy days as in Rigobon and Sack (2004) and Craine and Martin (2008) .
Rewriting equation 1 in matrix form gives the following form for non mone-tary policy days (OT H)
and on monetary policy days (M P M and M P N )
where R t is an (N 1) vector of r j;t . H t is an ((N + 1) 1) vector of shocks where the common shock a t is in the …rst row and the idiosyncratic shocks are in the remaining N rows. The matrices , and contain the factor loadings and is (N (N + 1)) and and are (N 1). As the factors are assumed independent, the variance-covariance matrix for R t ; where i with i = OT H; M P M; M P N , can be expressed as follows;
The expression in equation (6) applies on the monetary policy days with policy shock type 1 and equation (7) applies on monetary policy days with policy shock type 2. Equation (5) applies on all other days. Importantly, the model does not require a priori classi…cation of policy days into shift and rotation policy shocks, rather, the empirical model is left to determine endogenously the presence of two types of policy shocks.
An additional identifying restriction is imposed on the model to empirically separate the two monetary policy shocks. Interest rate responses to both types of monetary policy shocks are set equal at the shortest maturity. It is reasonable to assume that each type of monetary policy shock causes a similar response of the 90 day rate as in the application for Australia and Canada but we recognize that the assumption is less reasonable for the US application where the shortest yield is one year.
Extracting monetary policy shocks
We extract the policy shocks over the sample period using simulation. Solving for each monetary policy shock in equations (3) and (4) and recognizing that only one type of policy shock can occur on any particular monetary policy day
Using the estimated factor loadings for , and and given R t , 5000 estimates of b m t and b n t are simulated by drawing H t from the random N(0,1) distribution.
Estimates of the true monetary policy shocks, e m t and e n t are the median of those obtained by minimizing the squared errors ( e m t b m j;t ) 2 and (e n t b n j;t ) 2 : An additional penalty condition restricts the estimates from becoming inconsistent with the original estimates of ; and by minimizing the squared distance between these and those generated using the estimated true monetary policy shocks, denoted b and b as follows: R t = b e m t + " 1t and R t = b e n t + " 2t ; this process is similar to that implemented in Claus and Dungey (2012).
Data
The latent factor model is applied to the demeaned …rst di¤erence of daily interest rate data for Australia, Canada and the United States. The daily interest rates are the 90 day and 180 day T-bills and the 2 year, 5 year and 10 year bond yields for Australia and Canada. For the United States, the model is applied to the 1 year, 2 year, 3 year, 5 year and 10 year demeaned bond yields. 55 + 146 = 201).
3 All changes between July 1997 and December 2008 occurred on the Wednesday mornings following the …rst Tuesday of the month. 4 Careful inspection of policy changes since February 2008 suggests that markets react to the policy announcements rather than their implementation the following day.
The table points to strong heteroskedasticity between monetary policy change days and all other days and weaker heteroskedasticity between all policy announcement days and all other days. For both sets of policy days, the standard deviation declines with maturities of 180 days and up but rises with maturities for all other days. 
Canada
The sample period for Canada is 22 February 1996 to 28 November 2014 5 and policy changes are identi…ed by changes in the target for the overnight rate. . days  72  5382  193  5261   Table 3 Table 4 presents the estimation results from applying equations (5)- (7) 
Estimation results

Australia
The upper left panels of Table 4 
Canada
The right hand panels of Table 4 
United States
Finally the bottom panel of Table 4 gives the estimation results for the United States. The …rst and second columns in this panel present the factor loadings on m t and n t resulting from the sample where only policy change days are included. The third and fourth columns contain the factor loadings where both policy change and no-change days are included in the sample. The empirical application identi…es a shift and a rotation for both sets of days but the results di¤er. 7 In the …rst sample, where only policy change days are included, the sign on the 10 year rate is opposite to all other policy factor loadings, that is a rotation is indicated at the long end. When no-change policy announcement days are included in the sample the loadings on factor n t for maturities of 2 years and longer are of opposite sign to the extreme short end, indicating a rotation from all but the short-end. A word of caution is warranted here, as the factor loadings are insigni…cant for all i and for i when i 6 = 2; that is only the loading on the 2 year bond is signi…cant (at the 10% level). To summarize, the empirical results suggest not only similarities but also important di¤erences in the e¤ects of monetary policy shocks. The empirical application isolated two types of monetary policy shock on policy change days with one type of policy shock causing a shift and the other causing a rotation in the yield curve. An important di¤erence in policy shocks across the economies is that no-change policy seems to rarely surprise Australian markets but more frequently to be consistent with policy surprise in Canada. In the United States the evidence for the e¤ect of no-change days is that they are distinctly di¤erent to days of change announcement. If the ECB view at the beginning of this paper is taken as a benchmark, the empirical results indicate that the RBA is the most transparent central bank in the sample where transparent means that …nancial markets understand how the RBA forms its views on the Australian economy and how the RBA is likely to react to updated views on the economy.
Although no-change policy events seem to surprise markets in Canada and the United States, the surprises are di¤erent in both countries. While no-change policy surprises are similar to policy surprises in Canada this does not apply to the United States. Adding no-change and policy change days leads to similar results in Canada but to statistically insigni…cant results for the United States. 7 This presence of yield curve shifts and rotations may partly explain the empirical failure of the expectations hypothesis of the term structure of interest rates reported for US bond yields; see Sarno et al. (2007) . 8 It is possible that these results may re ‡ect the identifying restriction 1 = 1 . 
Extracting monetary policy shocks
Using simulation methods, the monetary policy shocks for each economy are extracted from the bond returns using the model parameters estimated in the previous section. As a …rst step, policy days were divided into shift and rotation days and fully anticipated monetary policy days based on the observed behavior of the yield curve on policy days. Shift days are those days where the product of the shortest and longest maturity return was positive and rotation days are those days where the product was negative. Fully anticipated monetary policy days are those days when changes at the shortest maturity were zero and the change at the long end was 2 basis points or less. Table 5 gives the classi…cation of policy shocks for both samples for each country. Rotation shocks are more prevalent in Canada than the other two countries (as indicated by Table 5 ), and display less of the clustering around extraordinary events evident in the US and Australian outcomes. In particular, rotation shocks 
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